Adenocarcinoma of the lower esophagus and esophagogastric junction is increasing in incidence in Western countries. A metaplasia (Barrett esophagus)-dysplasia-carcinoma sequence induced by gastroesophageal reflux disease is established. Two patterns of Barrett dysplasias have been described-adenomatous (type 1) and non-adenomatous (type 2 or foveolar/hyperplastic type). Interestingly, little is known about non-adenomatous dysplasia. Esophagogastrectomy cases from 41 patients with glandular dysplasia with and without associated invasive adenocarcinoma of the lower esophagus were evaluated for expression of MUC2, MUC5AC, CDX2, villin, Ki67 and p53. Results were correlated with sub-classification of the dysplasia into morphologic patterns of adenomatous vs foveolar vs hybrid type. In addition, clinicopathological parameters including the presence and extent of background intestinal metaplasia were also evaluated. Foveolar type dysplasia was present in 46% of the cases and thus, was more common than adenomatous type or hybrid type (both B27%) dysplasia. Immunohistochemistry confirmed the histological stratification in all cases. Foveolar type dysplasia commonly expressed MUC5AC (Po0.12) but was consistently negative for markers of intestinal differentiation, MUC2, CDX2 and villin (all Po0.01). By contrast, adenomatous type dysplasia frequently displayed intestinal differentiation markers (all Po0.0001) Hybrid-type dysplasia was similar to adenomatous type dysplasia in showing expression of intestinal differentiation markers (Po0.01) and therefore could not be sustained as a separate category. In conclusion, our study provides evidence for a non intestinal pathway to neoplastic development in Barrett esophagus, that is, gastric metaplasia-foveolar dysplasia-adenocarcinoma.
Barrett esophagus, also termed columnar lined esophagus, is a metaplastic condition in which the normal non-keratinizing squamous epithelium of the esophagus is replaced by a columnar mucosa. Barrett esophagus is a consequence of gastroesophageal reflux disease and is significant in being at risk for neoplastic transformation through a metaplasia-dysplasia-carcinoma sequence. In Western populations, there has been a dramatic rise in the incidence of adenocarcinoma of the esophagus and esophago-gastric junction region [1] [2] [3] [4] that parallels an increase in the prevalence of Barrett esophagus. 5 Although, three epithelial types, gastric cardiac, gastric fundic and intestinal type 6 are recognized to constitute Barrett esophagus, a number of studies have concluded that the intestinal type characterized by intestinal metaplasia is the most important antecedent to dysplasia development in Barrett esophagus. [7] [8] [9] However, it is recognized that intestinal metaplasia is not always identified adjacent to invasive adenocarcinoma of the lower esophagus or gastroesophageal junction region. [10] [11] [12] [13] [14] [15] [16] [17] Nevertheless, it has been reported that the Barrett esophagus columnar mucosa is 'intestinalized' when examined by immunohistochemical markers of intestinal differentiation, even in the absence of histological evidence of intestinal metaplasia, that is, goblet cells. [18] [19] [20] [21] [22] [23] Thus supporting the current American College of Gastroenterology guidelines, which require the presence of intestinal metaplasia for the diagnosis of Barrett esophagus. 24 Clinical experience has suggested the presence of two cyto-architectural patterns of Barrett esophagus dysplasia and the terms type 1 and type 2 or adenomatous and non adenomatous (also known as 'foveolar/hyperplastic') akin to gastric dysplasia, have been applied to these patterns. 16, [25] [26] [27] [28] The adenomatous pattern of dysplasia is said to account for the majority of cases and resembles colorectal adenoma. 16 By contrast, non adenomatous dysplasia is reported to be uncommon. Rounded cells with vesicular nuclei and prominent nucleoli are the usual cytological features, whereas closely packed glands constitute the main architectural characteristic. 26 Notably, in a recent study of endoscopic biopsies, 18 Barrett esophagus patients with a non adenomatous pattern of dysplasia showed no significant differences regarding either flow cytometric abnormalities or progression to cancer compared with adenomatous dysplasia 29 Recent advances in mucin and other immunohistochemistry have enabled better characterization of premalignant conditions of the stomach and pancreas, and in both conditions, this subdivision has clinicopathological relevance. 27, [30] [31] [32] To date, no formal analysis of a possible similar division has been undertaken in the setting of Barrett esophagusrelated dysplasia. However, as the gastric and intestinal epithelium of Barrett esophagus is in essence the same background that gastric dysplasia arises, it seems reasonable to assume a similar classification scheme to Barrett esophagus dysplasia may apply. This study investigates a morphological sub-classification of Barrett dysplasia and the clinicopathological characteristics of such a classification.
Materials and methods

Clinical Characteristics
We reviewed the histological sections from a consecutive series of eighty-one (81) esophagogastrectomy cases received and reported at Sullivan Nicolaides Pathology between June 2001 and December 2006 and entered into the Australian Cancer Study for Esophageal Carcinoma. 33 Eight (8) cases of esophageal squamous cell carcinoma were excluded, leaving seventy-three (73) cases (invasive adenocarcinoma n ¼ 68, high-grade dysplasia n ¼ 5).
After formalin fixation, the specimens were dissected in the following manner. Tumors r30 mm in diameter (enabling a complete section to fit in a standard tissue cassette) were entirely embedded along with the entire gastro-esophageal junction and any abnormal mucosa (that is, Barrett esophagus) that accompanied the tumor. Tumors 430 mm in diameter were sampled by at least three sections of tumor and at least one of the tumor to normal esophagus interface. For cases with a biopsy diagnosis of high-grade dysplasia, the entire abnormal area including gastro-esophageal junction, was embedded. Using this dissection approach, an average of eight tumor (with or without Barrett esophagus) sections were taken per case. The tissue blocks were routinely fixed in 10% buffered formalin, embedded in paraffin, cut at 5 mm and then stained with hematoxylin and eosin. The location of the invasive adenocarcinoma, when present, was recorded with respect to the WHO guidelines. 34 Briefly, tumors spanning the gastro-esophageal junction were called adenocarcinomas of the gastro-esophageal junction regardless of the epicenter of the bulk of the tumor. Tumors located entirely above the gastro-esophageal junction were defined as esophageal adenocarcinomas, whereas adenocarcinomas located entirely below the gastroesophageal junction were considered gastric adenocarcinomas. The macroscopic tumor size was recorded.
Classification of Glandular Dysplasia and Assessment of the Background Mucosa
Unequivocal glandular dysplasia was classified as either adenomatous (intestinal) type, gastric foveolar type or hybrid type according to morphological features previously documented 16, 28 and expanded upon as follows. Adenomatous-type dysplasia resembles colorectal adenoma by being composed of glands or villous structures lined by tall columnar cells with hyperchromatic, pencillate, variably stratified nuclei and dense eosinophilic cytoplasm ( Figure 1 ). Gland luminal borders have a sharp edge and goblet cells and Paneth cells are often identified. Foveolar type dysplasia is characterized by cuboidal to columnar cells with pale clear to light eosinophilic cytoplasm and round to oval nuclei, some of which have discernable small nucleoli ( Figure 2 ). The glands have a propensity to be smaller and more closely associated than adenomatous dysplasia and the luminal borders are less distinct. Goblet cells and Paneth cells are absent in foveolar dysplastic epithelium. Hybrid dysplasia shows cytological features intermediate between these two patterns or an intimate admixture of both adenomatous and foveolar cell types. We would also consider the finding of intermixed 'clone-like' foci of foveolar type and adenomatous type dysplasia together within a dysplastic area as representing hybrid dysplasia, although we did not observe this in our cases. The grade of dysplasia was assessed as low or high-grade dysplasia on the basis of standardized criteria previously published 35 Only recently have been proposed specific grading criteria for foveolar type dysplasia, although their reproducibility have not been tested. 36 All sections of the background non-dysplastic columnar mucosa were assessed with respect to the presence of goblet cells and the density of goblet cells per gland. Goblet cell density was determined in up to one low power field ( Â 20, field diameter 10 mm) immediately adjacent to dysplasia. This often contained all metaplastic but non dysplastic epithelium available for assessment in the sections taken. Where present the density of goblet cells per gland was assessed as low density (r5 goblet cells per gland) or high density (45 goblet cells per gland). As the study cases were orientated resection specimens (as opposed to biopsy cases), a gland spanned the full thickness of the mucosa. The identification of goblet cells was based on histological appearance and positive immunostain reaction for MUC2. Finally, as the major aim of this study was to investigate patterns of glandular epithelial dysplasia arising in Barrett metaplastic epithelium, objective evidence for an esophageal origin was sought. In keeping with previous reports, [37] [38] [39] [40] the presence of double muscularis mucosae, esophageal gland ducts and/or oesophageal submucosal glands lying immediately subjacent to the area of dysplasia were considered objective measures for an oesophageal location.
Immunohistochemical Evaluation
Each case in which dysplasia was identified was evaluated by the following immunohistochemical stains: p53 (D0-7, 1:50; Dako), Ki67 (30-9, predilute; Ventana), MUC2 (Ccp58, 1:100; Novocastra laboratories), MUC5AC (CLH2, 1:100; Novocastra laboratories), CDX2 (AMT28, 1:50; Novocastra laboratories) and villin (CWWB1, 1:50; Novocastra laboratories). MUC2, CDX2 and villin served as markers of intestinal differentiation. As these three immunohistochemical reagents target different aspects of cellular intestinal differentiation (for example, MUC2-intestinal mucin, CDX2-intestinal homeobox gene, villin-associated with microvillus structure) we felt this combination gave the most sensitive method to detect intestinal expression. MUC5AC is a specific gastric foveolar mucin and served as a marker of foveolar differentiation.
Briefly, the immunohistochemical technique was as follows. Five-micron thick consecutive sections were deparaffinized and hydrated through a graded series of alcohol. Following antigen retrieval with 10 ml per liter of citrate buffer (pH 6.0) in a microwave oven for 10 min, the addition of endogenous peroxidase activity by immersion into 3% H 2 O 2 /methanol solution was performed. The sections were then incubated with the primary antibodies followed by washing in phosphate-buffered solution, incubation with biotinylated secondary antibody and then with avidin-biotinylated horse radish peroxidase complex and finely developed using 3, 3, -Diaminobenzidine Tetrachloride as the chromagen. Nucleus counter staining was accomplished with hematoxylin. P53 staining was regarded as positive only when strong nuclear staining was seen. Reaction for MUC2 and MUC5AC, was considered positive when Z10% of dysplastic cells were immuno-reactive and negative when the extent of staining was o10%. Staining for CDX-2 was considered positive when Z10% of cells displayed nuclear positivity. Staining for villin was considered positive when Z10% of cells displayed cell membrane reaction.
Statistical Analysis
The statistical analysis was performed by a biostatistician using w 2 -test for differences between the groups. A Po0.05 was considered statistically significant.
Results
Clinicopathological Characteristics of The Study Group
The study group comprised 73 cases (invasive adenocarcinoma n ¼ 68, high-grade dysplasia n ¼ 5). Consistent with previous observations, males (n ¼ 67, 92%) vastly outnumbered female patients (n ¼ 6, 8%). The mean age of the patients was 64 years (s.d. ± 10.4 years). In 57 cases the invasive adenocarcinoma was grossly identified as crossing the esophago-gastric junction. It was confined to the lower esophagus in nine cases and was localized entirely in the gastric cardia (proximal stomach) in two cases. Eleven patients had a history of preoperative radiotherapy. Of these, nine patients showed extensive tumor regression and had no dysplasia evident. In the remaining two cases there was minimal tumor regression and residual dysplasia was present (one adenomatous type and one foveolar type).
The mean size of the tumors was 32 mm (range: 3-80 mm in diameter). Barrett esophagus with dysplasia was identified in 41 cases (56%) (the eventual study population) and ranged in extent from 0.5 to 55 mm in the tissue sections (average 14 mm, median 10 mm).
The extent of Barrett esophagus with dysplasia was most in the adenomatous dysplasia group (average 17 mm, median 11 mm) and least in the foveolar dysplasia group (average 9 mm, median 7 mm). No dysplastic epithelium was identified adjacent to the two gastric cardia tumors.
Lesional tissue, consisting of Barrett esophagus, Barrett esophagus with dysplasia and invasive adenocarcinoma (if present), was fully embedded in 28 of the 41 (68%) specimens in which dysplasia was identified. An average of six blocks of lesional tissue (range: 4-7) was examined in the other 13 cases.
Morphologically, 11 of the 41 cases of dysplasia were of the adenomatous and hybrid types (27% each) whereas 19 cases were of the foveolar type (46%). Confirming the esophageal location, either a double-layered muscularis mucosae (n ¼ 26) or esophageal submucosal glands and/or gland ducts (n ¼ 21) were identified subjacent to dysplasia in 83% of the cases (n ¼ 34). Of the seven remaining cases (17%), three had previous macroscopic and endoscopic evidence of Barrett esophagus. In the remaining four cases, the associated invasive tumors were large (35-60 mm diameter), straddled the gastro-esophageal junction and dysplasia was identified in sections proximal (esophageal) to the tumor. Goblet cells were not identified in glandular mucosa adjacent to dysplasia in 4 of the 28 fully sectioned cases (14%). In these, the extent of glandular epithelium ranged from 2 to 6 mm.
Clinicopathological Comparison of the three Types of Dysplasia
The three types of dysplasia did not significantly differ with regard to the patient's average age or the size of the associated invasive adenocarcinoma. Only two female patients were diagnosed with dysplasia and in both cases this was of foveolar type (Table 1) .
A tubular architectural pattern was commonly seen in all three dysplastic types. Adenomatous type dysplasia was the least likely to show a villiform architecture (18%).
High grade dysplasia was more commonly identified in the adenomatous and hybrid types (91 and 100%, respectively) than in the foveolar type (58%). Foveolar-type dysplasia was more likely to show no intestinal metaplasia in adjacent non dysplastic columnar mucosa compared with either adenomatous or hybrid-type dysplasia (47 vs 0 and 18%, respectively, Po0.0001). In contrast, a diffuse goblet cell pattern was significantly more common in the background of adenomatous and hybrid-type dysplasia than foveolar type (64 and 45 vs 11%, Po0.0001).
Immunohistochemical Stain Validation of the Three Morphological Subtypes
Immunohistochemical reactions for MUC2, MU-C5AC, CDX-2 and villin supported the morphological subclassification of dysplasia. Foveolar dysplasia cases were usually MUC5AC-positive (74%, Po0.12) and did not show reaction for the three markers of intestinal differentiation, MUC2, CDX-2 and villin (all Po0.01; Figure 3) (Table 2 ). In contrast, adenomatous-type dysplasia displayed statistically significant immunoreaction for MUC 2, CDX-2 and villin (all Po0.0001; Figure 4) . The hybrid type of dysplasia displayed reactivity closely resembling adenomatous-type dysplasia with statistically significant expression of intestinal markers (Po0.01).
The immunohistochemical reaction pattern for intestinal markers strongly correlated with the presence and density of goblet cells in adjacent non neoplastic mucosa independent of the dysplasia pattern (MUC 2 Po0.05; CDX-2 Po0.05; villin Po0.005). Not surprisingly, MUC5AC expression showed no correlation with goblet cell presence.
In all cases, there was an increased expression of Ki67 (425%) in dysplastic epithelium whereas non neoplastic epithelium showed negligible immunoreaction (o1%). P53 expression was largely disappointing, a factor we attributed to the archival nature of the study material (there was similar low expression in the associated invasive tumors). Nonetheless, p53 expression was lower in the foveolar dysplasia subtype (11 vs 45-55% for adenomatous/hybrid types).
Comparative evaluation of the phenotype and immunophenotype of dysplasia and associated adenocarcinoma was not part of the scope of our study. However, we did notice a greater immunophenotypic variation in the associated invasive carcinoma than in dysplasia, and an apparent absence of correlation between dysplasia and adenocarcinoma.
Discussion
Although Barrett esophagus is a metaplastic condition comprising gastric and/or intestinal type columnar epithelium, the prevailing opinion held by many is that only the intestinal epithelium portends a neoplastic risk. This is reflected in the current American College of Gastroenterology guidelines for the diagnosis of Barrett esophagus, which require the presence of intestinal metaplasia to initiate screening. 24 By extension, much emphasis has been placed on the adenomatous, that is, intestinal character of dysplasia in Barrett esophagus. However, at least some cases of Barrett esophagus dysplasia appear to have gastric foveolar cytomor- 
of a cohort of 270 Barrett esophagus patients. Furthermore, gastric phenotype and gastric mucin expression has recently been reported in a case of polypoid Barrett esophagus dysplasia. 41 Finally, there also exists one report of a lesion with features of pyloric gland adenoma arising in a Barrett esophagus background. 42 Globally, these reports indicate a more heterogeneous morphotype of dysplasia in Barrett esophagus than is generally recognized.
As our study was based on esophagogastrectomy specimens performed for the treatment of invasive adenocarcinoma or extensive high grade dysplasia, we were able to observe Barrett esophagus dysplasia that was advanced to its full neoplastic potential. We have established that a foveolar phenotype of Barrett esophagus dysplasia not only exists, but is in fact common and clinically significant. Our data suggest that indeed Barrett esophagus dysplasia takes two main forms-gastric foveolar type and adenomatous type. The clinicopathological overlap between adenomatous and hybrid-type patterns were such that a separate hybrid category could not be sustained. Essentially, the demonstration of intestinal differentiation by either morphology or immunoreactivity for intestinal markers places a lesion in the adenomatous dysplasia group.
Interestingly, high grade dysplasia was more commonly identified in the adenomatous and hybrid-type dysplasias (91 and 100%, respectively) than in the foveolar type (58%). This is opposite to the publication by Rucker-Schmidt et al 29 who reported significantly higher rate of DNA content abnormalities in non-adenomatous dysplasia compared with the rest of the cohort. It is possible that variation in diagnostic criteria explain the difference. However, the current results are also in opposition to the situation reported in gastric epithelial dysplasia where foveolar-type dysplasia was significantly more likely to show high-grade dysplasia than adenomatous type dysplasia. 28 It is possible that upon developing high-grade dysplasia, there is a rapid progression to invasive disease in foveolar dysplasia. Providing some evidence for this proposition was the frequent finding of apparent progression from low-grade to high-grade dysplasia to invasive adenocarcinoma often within a single high power field in foveolar dysplasia cases. The demonstration of foveolar dysplasia raises the inevitable question of its origin. A logical conclusion is that gastric metaplastic epithelium observed in Barrett esophagus can undergo neoplastic transformation. Another possibility is that in Barrett esophagus neoplasia originates from a stem cell that maintains the ability for divergent differentiation. Increasing support for a stem cell origin of the metaplastic epithelial types in Barrett esophagus is emerging, 43, 44 and the role of a stem cell in neoplastic progression has also been proposed. 45 In either case, our data suggest that a goblet cell rich non-neoplastic Barrett esophagus background is more strongly associated with adenomatous type dysplasia.
In this study, 21% of esophagogastrectomy cases with dysplasia did not have associated intestinal metaplasia (goblet cells) in non-neoplastic metaplastic columnar mucosa. Incomplete sampling of the lesion could be responsible, however, we failed to show intestinal metaplasia in 14% of cases where the entire tumor (with associated Barrett esophagus) and gastroesophageal junction was embedded. In the latter situation, the extent of non neoplastic columnar epithelium was small (2-6 mm) and goblet cells may have been replaced by dysplasia or invasive tumor. Nonetheless, we cannot exclude the possibility that intestinal metaplasia may not be a prerequisite to all cases of dysplasia and adenocarcinoma arising in Barrett esophagus.
Furthermore, the statistically significant association in our study of the absence of intestinal metaplasia in foveolar type dysplasia cases raises the possibility of a non-intestinal neoplastic pathway. Two recent studies have suggested the same possibility. 10, 46 In a cohort of 712 British patients with endoscopic evidence Barrett esophagus, 44.9% (n ¼ 309) had no microscopic evidence of intestinal metaplasia. Furthermore, 11 patients (3.6%) developed adenocarcinoma, a number not significantly different from the 28 out of 379 patients with intestinal metaplasia. 46 Furthermore, a study of endoscopic mucosal resection specimens in 113 patients with minute BE adenocarcinoma (mean size of 6.9 mm) did not find evidence of intestinal metaplasia in glandular mucosa on either side of the invasive carcinoma in 70%. 10 This has obvious implications for the diagnosis and follow up of BE, in which the recognition of intestinal metaplasia is sine qua non for a diagnosis of BE. However, it is worth noting that, recently, the British Society of Gastroenterology has argued that the BE diagnosis should not rely solely on the finding of goblet cells. 47 As our study was performed on lesions advanced in their neoplastic progression, it is difficult to draw any conclusion from our data as to the frequency and biological potential of foveolar type dysplasia in routine screening biopsies. Although unproven, it is possible that foveolar differentiation occurs as a late event in neoplastic progression. This could account for the infrequent reporting of this pattern in small biopsies. Alternatively, foveolar dysplasia may represent an aggressive pattern with more frequent progression to invasive disease, thus escaping distinction on biopsies but accounting for the high frequency in our study based on resection specimens. Interestingly, the study by Rucker-Schmidt et al 29 reported a higher rate of DNA content abnormalities in non-adenomatous dysplasia compared with the rest of their biopsy cohort.
In summary, our study validates a morphological subclassification of Barrett esophagus dysplasia into adenomatous and gastric foveolar types. Although many clinical features are similar, adenomatous dysplasia is more likely to arise in a goblet cell rich background. Alternatively, our results suggest that a non-intestinal pathway to neoplastic development (that is, gastric metaplasia-foveolar dysplasia) could be involved in the development of a subset of adenocarcinoma. If confirmed, our findings could be the basis for challenging current surveillance protocol and emphasis on the presence of intestinal epithelium. Furthermore, pathologists should be made aware of the foveolar type pattern of dysplasia, a potentially more aggressive lesion, which can herald malignant transformation.
